1.. INTRODUCTION
================

Diabetes mellitus TYPE 1 (T1DM) is the most common endocrine disorder of childhood whose incidence is growing annually worldwide by 3-4% and for children up to 7 years even to 7% ([@ref1], [@ref2]). The goal of complete diabetes therapy is to prevent the onset and progression of chronic micro-vascular complications: retinopathy, nephropathy and neuropathy, and chronic macrovascular complications, thus extending life span by increasing its quality ([@ref3], [@ref4]). Large variations in glycemia are, according to new findings, also a significant factor for the emergence and progression of chronic complications of T1DM. Glycemic variations exert their negative effect by activating oxidative stress and its products that adversely affect tissues ([@ref4]).

All causes that lead to large variations in glycemia are simultaneously the cause of hypoglycemic episodes.

Hypoglycemia is defined by glycemia (BG) below 3.9 mmol/l. Repeated severe hypoglycemia, especially in young children, can leave consequences in the form of permanent psychomotor developmental disorders. The significance of continuous glucose monitoring (CGM) for glycemia variability is huge. One of the most important features of CGM is the detection of hypoglycemia. The CGM record also helps in adequate correction of therapy, indicating periods of large fluctuations in glycemia.

Insulin therapy of pediatric patients with T1DM is very demanding due to their dynamic growth, development and daily life activities. The use of long-acting and fast-acting insulin analogues in the basal bolus therapy of pediatric patients of all ages significantly reduced the incidence of hypoglycemia and improved metabolic regulation of diabetes due to a more precise dosage of insulin for meals. However, the problem remains of a large number of injecting insulin and saturation of the application site, which on the other side complicates regulation of diabetes and reduces the quality of life. The consequences of such insulin therapy are frequent hyperglycemia or severe hypoglycemic episodes followed by long periods of compensatory hyperglycemia ([@ref5]). Therapy with T1DM Insulin Pump has been known for 20 years, and today it is technically a highly sophisticated device that allows continuous subcutaneous delivery of insulin as the most similar to its physiological secretion. Due to the long-term good regulation of diabetes in pediatric patients lasting for a lifetime, the use of insulin pumps in children and young people in the world is in remarkable expansion. Changes in basal flow as well as the desired number of bolus doses applied to a non-injected child allow for more adequate monitoring of variable daily insulin requirements, and thus more stable glycemic control ([@ref6], [@ref7]).

The long-term goal of T1DM in children therapy is their normal growth, development, good quality of life with the absence of acute (hypoglycemia and ketoacidosis) and chronic complications ([@ref3]).

2.. GOAL
========

Determine the optimal insulin delivery method for the prevention of hypoglycemia by continuous monitoring of glucose levels in patients on therapy by insulin pump and PEN.

3.. MATERIAL AND METHODS
========================

Patients aged up to 18 years who were diagnosed with T1DM and who were treated by an insulin pump or insulin therapy at the Pediatric Clinic of the University Clinical Center in Sarajevo were included in the study. The study involved 149 patients, and lasted for 3 years. Patients who were diagnosed with T1DM at least 1 year before the study and who received insulin via an insulin pump or PEN were included in the study.

The study did not include patients who changed diabetes therapy in a period of 6 months prior to the onset of the study, and patients who did not undergo controls for more than 6 months or were hospitalized at the Clinic. The study was conducted as prospective clinical-analytical study and lasted one year. Patients were divided into two groups: group of patients on insulin pump therapy and group on insulin PEN therapy. Groups are homogeneous by age and gender.

In statistical data processing, the Student's t test and the Fisher exact test for two independent samples for N are less than 80 were used. Also, was calculated the Pearson correlation coefficient. The value of p \<0.05 will be considered significant.

4.. RESULTS
===========

There were 73 patients (49.6%) on the insulin pump therapy and 79 patients (52.4%) on the insulin PEN therapy. There was no significant difference in the age and gender of patients within the groups with different insulin application. There were no significant differences in the number of anamnestic hypoglycemia in patients with a different mode of insulin application (83.56% vs. 81.58%, p=0.114, F=2.533 \<Fk=3.919).

[Table 1](#table1){ref-type="table"} shows the distribution of the number of anamnestic hypoglycemia to mean glycemic values in patients treated with insulin pump and PEN. At all values of SD Glycemia (CGM), the number of anamnesis hypoglycemia is higher on the PEN than on the insulin pump. [Tables 2](#table2){ref-type="table"} and [3](#table3){ref-type="table"} show the correlation of anamnestic number of hypoglycemia and mean glycemia (CGM) in patients with insulin pump and PEN therapy. Correlation is at the level of significance of 0.05. An increase in the number of hypoglycemia in hypoglycemia increases with mean. This finding is valid both in patients treated with insulin pump and treated with PEN. In the case of further increase, the number of hypo-anamnesis in the group on pump shows a slight decrease in mean, while with a PEN slight increase in mean.

There was no significant difference (87.67% vs. 82.89, p=0.647, F=0.209 \<Fk=3.916) in the number of CGM hypoglycemia in patients with a different insulin application mode.

[Table 4](#table4){ref-type="table"} present the distribution of mean glycemia (CGM) in relation to the number of hypoglycemia (CGM). For patients with insulin pump therapy, the highest mean glycemia was recorded in patients with 10 CGM hypoglycemia, and in patients with PEN therapy, the highest mean corresponds to the incidence of 5 hypoglycemia on the CGM record.

[Table 4](#table4){ref-type="table"} shows the distribution of mean glycemia (CGM) relative to the number of hypoglycemia episodes (CGM). For patients on insulin pump therapy, the highest mean glycemia occurs in patients with 10 CGM hypoglycemia, and in patients with PEN therapy, the highest mean corresponds to the incidence of 5 hypoglycemia on the CGM record.

Correlation between the number of hypoglycemia CGM and the mean glycemia (CGM) in patients on insulin pump and PEN therapy is significant at the level of 0.05 for patients on insulin pump therapy.

In [Table 5](#table5){ref-type="table"}, is made parallel comparison of the number of anamnestic and CGM hypoglycemia in patients on insulin pump and PEN therapy. There is a statistically significant difference in the number of number of recorded glycemia from anamnesis and the CGM record, both in patients receiving insulin pump therapy and in PEN therapy patients.

5.. DISCUSSION
==============

Anamnesis confirmed hypoglycemia had 83.56% of patients on insulin pump therapy, and 81.58% of patients on PEN therapy. The number of hypoglycemia did not differ significantly between the different insulin application groups (p=0.114). On average, by anamnestic data patients in both groups had two hypoglycemia with the same rank ([@ref1]-[@ref4]).

Hypoglycemic episodes with blood glucose levels below 3.9 mmol/l verified on the CGM record had 87.67% of IP patients and 82.89% of PEN therapy patients. The number of hypoglycemia on the CGM record did not differ significantly between the groups with different insulin application (p=0.647). On average, patients with IP therapy had 4, and 3 hypoglycemia on PEN, with the same rank ([@ref1]-[@ref6]).

During the continuous monitoring of glycemia, we did not identify any severe hypoglycemia episodes.

The hypoglycemia that we recorded through the CGM records are according to the nomenclature of the ADA hypoglycemic working group: documented symptomatic hypoglycemia ([@ref8]).

The largest number of comparative therapeutic studies for IP and PEN provide data on the reduction of incidence of severe hypoglycemia in IP patients ([@ref9]-[@ref11]).

However, Kilpatric ES believes that only 80% of episodes of severe hypoglycemia are reported and that less than 50% of all T1DM patients have one episode of severe hypoglycemia per year, which is 27% of patients on intensive insulin therapy and 10% on conventional insulin therapy ([@ref12]).

Data from the DCCT study indicate that severe hypoglycemia occurs in only 1/3 of T1DM patients, and only 5% of patients reported to have hypoglycemia, or half of all episodes ([@ref13]).

Jeitler K in a meta-analytical study on 23 comparative IP therapy studies found a comparable number of mild hypoglycemia in these therapy groups, for patients on IP average 1.9 per week compared to 1.7 mild hypoglycemia per week in patients with basal-bolus therapy applied by a PEN ([@ref10]).

The introduction of modern therapeutic agents such as insulin analogs and IP has contributed to improved metabolic control of T1DM, or HbA1c is lower by 0.4-0.6%, but there is no evidence of increased incidence of hypoglycemia ([@ref14]).

IP therapy according to Pickup JC and Suton AJ is recommended to reduce the incidence of severe hypoglycemia in T1DM patients, but the comparability of hypoglycemia frequency in general, in patients with IP and PEN is unclear ([@ref15]).

According to Fatourechi MM and colleagues, IP patients have slightly lower HbA1c (-0.2%) compared to those treated with PEN, but without significant difference in the incidence of severe and night-time hypoglycemia. Adolescents had somewhat less hypoglycemia in general, but the children included in these studies had significantly more episodes of hypoglycemia ([@ref16]).

The reason for the higher number of hypoglycemia on the CGM record compared to the anamnestic data lay in better detection of asymptomatic night-time hypoglycemia, as a result of the research by Chetty VT and associates ([@ref17]).

Battelino T and associates point to the therapeutic role of REAL-time CGM in T1DM patients who had a CGM sensor within 6 months, every second week for 5 days. The number and duration of all hypoglycemic episodes decreased, and at the end of the study ADA targets were achieved in regard to HbA1c ([@ref18]).

Tanenberg RT and colleagues reported a total of 1.9±1.6 and 2.3±2.3 hypoglycemia per week in patients randomized in study according to their CGM and capillary BG measurements ([@ref19]).

Distribution of mean glycemia in IP patients and PEN according to the number of their anamnesis hypoglycemia was performed in order to place the number of anamnestic hypoglycemia and mean in the relationship. The number of anamnestic hypoglycemia with an exception of mean for patients with only one anamnestic hypoglycemia is increased with mean increase in PEN group. The mean glycemia is over 4 mmol/l in patients with 4 anamnestic hypoglycemia while the highest mean glycemia in IP patients is with 3 hypoglycemia. The correlation between the number of anamnestic hypoglycemia and the mean glycemia (CGM) suggests a high level of significance below 0.05 in both PEN and IP patients. The coefficient of correlation r=0.7 allows assumption of high probability to estimate the level of glycemic variability from the number of anamnestic hypoglycemia.

Unlike Kovatchev B which reports a correlation of 0.15-0.16 between mean glycemia and hypoglycemia, our correlation is highly significant at the level of 0.05. The predictive value for hyperglycemia was 0.58-0.56 ([@ref20]).

De Vries JH in a comparative study of poorly regulated T1DM patients on IP therapy and PEN with mean glycemia measured by capillary BG self-control of 4.57±1.66 mmol/l for IP and 4.85±1.7 mmol/l for PEN reported about 2.13±2.05 mild hypoglycemia in IP patients and 1.97±1.53 on PEN therapy ([@ref21]).

The correlation of HbA1c, or medium glycemia from HbA1c, and mean glycemia is very significant for the prediction of hypoglycemic episodes. According to Kilpatric ES, each increase in mean by 1 mmol/l increases by 1.09 times the risk for the first hypoglycemic episode, and the increase of 1.12 lead to the increases risk for hypoglycemia by five times. Every lowering of mean glycemia from HbA1c by 1 mmol/l imply a constant risk of 1.02-1.03 times for repeated hypoglycemic incidents.

Therefore, patients, regardless of the manner in which insulin is applied, with the deterioration of T1DM regulation, or increasing HbA1c, should also have a higher incidence of hypoglycemia.

Kaufman FR by CGM system recorded a glycemia lower than 2.2 mmol/l in 27% nights and glycemia below 2.7 mmol/l in 35% monitoring nights in pediatric patients with T1DM. The incidence of night-time hypoglycemia was similar for patients on IP therapy and PEN ([@ref22]).

Correlation of the number of hypoglycemia registered with the CGM system and the mean glycemia for patients on IP and PEN showed a mainly linear increase relative to the increase of CGM hypoglycemia. Patients with the highest mean on IP therapy of 4.1 mmol/l have the highest number of CGM registered hypoglycemia ([@ref23]). Correlation of these parameters for IP group is significant at level of 0.05 with the coefficient of correlation r=0.764. Predictive significance of high mean values for hypoglycemic episodes in IP therapy is great when using CGM monitoring.

However, in patients treated with an PEN, mean increases according to the number of hypoglycemia CGM up to 5 episodes and then with the increase in the number of hypoglycemic episodes decrease to the initial level.

Comparison of the number of hypoglycemia registered in the anamnesis and CGM system for patients on IP as well as for patients on PEN therapy provided data on the high significance of the difference in these measurements.

From the establishment of the CGM system, there is a controversy on the accuracy of the measured glycemic values, especially the sensitivity and specificity of the hypoglycemic registration machine.

Although this technology cannot completely replace the standard capillary blood glucose measurement, characteristics of the results that contribute to improved metabolic control and decreased variability in T1DM patients are the best confirmation of the accuracy of results, especially if combined as a REAL-time insulin system.

The accuracy of the CGM system used in children with T1DM was confirmed by DirectNet already in 2003 ([@ref24]).

Presentation of glycemia variability, postprandial peak hyperglycemia, and unidentified hypoglycemia are some of the events that CGM shows and contributes to their elimination ([@ref25], [@ref26]).

6.. CONCLUSION
==============

The number of anamnesis hypoglycemia as well as hypoglycemia from the CGM record did not differ significantly in patients on IP and PEN therapy. The CGM record was significantly more valuable in the presentation of hypoglycemia compared to the history of hypoglycemia in all patients studied. Continuous monitoring of glycemia due to its ability to show glycemia variability and unrecognized hypoglycemia as well as predictive options for long-term metabolic control should be performed for all T1DM patients at least once a year. Further research in this field should be focused on the determination of biochemical markers of oxidative stress, and the linking of insulin pump "download" parameters with T1DM metabolic regulation and glycemia variability in order to find the best patterns of IP use for our patients.
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###### Distribution of mean glycemia (CGM) by number of anamnestic hypoglycemia in patients treated with insulin pump and PEN

      MEAN    
  --- ------- -------
  0   2.75    3.685
  1   2.85    3.265
  2   3.408   3.956
  3   3.94    3.966
  4   3.37    4.187

###### Correlation of number of anamnestic hypoglycemia and mean glycemia (CGM) in patients with insulin pump therapy. \*Correlation coefficient r=0.766. \*Correlation significant at p\<0.05 level

  Insulin pump   
  -------------- ---------
  Mean           0.766\*

###### Correlation of anamnestic number of hypoglycemia and mean glycemia (CGM) in patients with PEN therapy. \* Correlation coefficient r =0.762. \* Correlation significant at p\<0.05 level

  Insulin PEN   
  ------------- -----------------
                Hypo- anamnesis
  Mean          0.762\*

###### Distribution of mean glycemia (CGM) in relation to the number of hypoglycemia (CGM)

       Mean glycaemia (CGM)   
  ---- ---------------------- ------
  0    2.62                   3.26
  1    2.76                   2.52
  2    3.37                   4.09
  3    3.05                   4.21
  4    3.49                   3.77
  5    3.06                   4.79
  6    3.07                   3.88
  7    \-                     3.4
  8    3.48                   3.46
  9    3.6                    \-
  10   4.1                    2.6

###### Comparison of anamnestic and hypoglycemia numbers from a CGM record in patients on insulin pump and pencil therapy.

           IP                  PEN                         
  -------- ------------------- ------------------- ------- -------
  Rank     4                   10                  4       10
  X        1.438               3.45                1.618   3.118
  S        0.985               2.386               1.188   2.443
  Sx       0.115               0.279               0.136   0.28
  Median   1                   3                   2       3
  Min.     0                   0                   0       0
  Max.     4                   10                  4       10
  p        5.92x 10^-10^       3.60x 10^-06^               
  F test   F=44.39\>Fk=3.905   F=23.15\>Fk=3.905           
